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e 61 Registers
=1

B Registers
= n-bit dataE A& 0= 7|9 ALK}

B Load HIO{LIZ 7T Q= register
= Reset=0¢ Oj0jl 02 A3 (HIS7I])
= clock®Q] positive edgeOj|A] Load=10]|tH = datas A%t

n n Reset | Load i
——D0 QO Q
D1 Q1 0 X 0

.. .. 1 1 Di

Load '

— Reset 1 O QI

Reset2 H|= 7| =2, active low
LoadE= S7] SA!, active high
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Load M| A1 7t Q= register

module register (qout, data, load, reset, clock);
output [3:8] qout;
input [3:8] data;
input load, reset, clock;
req [3:8] qout;

always @ ({posedge clock or negedge reset) begin

if (™reset) qout <= 4'bB; ff reset
else if (load) gqout <= data; fFf load
ff LIHA| = hold
end
endmodule
ps BD.Q ne lEiIII.IIII ns Ed[l.llil ns SEIII.IIII ns
Marmne
| 4 clock I N D N B I B R I
[ reset |
[ load | | | |
i data ¥ [LAERL b4 0T e 1000 ¥ (NAJHTH]
o qout LI ) | 1010 } AN 4 10
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T Shift Register

m 4-

bit shift register
clockQ] positive edgeOj|l A THAF2|2! shift (right)

reset=0¢ mjofl 02 A& (HIS7I) sin —!

—> sout

o1
SEES

gout[3:0]

module shiftreg{sout, sin, reset, clock});
output sout; ff serial out
input sin, reset, clock;
req [3: 8] qout;
assign sout =
always o
if (reset 1'bB@)
qout <= 4'h#;
else begin

qout[0];

Ff reset

Ff serial in -

{negedge reset or posedge clock) begin

qout[3] <= sin; ff shift right

qout[2] <= qout[3];

qout[1] <= qout[2];

qout[ 8] <= qout[1];

end
end
endmodule
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T Shift Register (A|£)
mllF
B CI=2 HA - vector AIR2Y 0|2

module shiftreg{sout, sin, reset, clock});

req [3: 8] qout;

assign sout = gout[8];

dlways @ ({negedge reset or posedge clock)
if {reset == 1'bB) qout <= 4'bhB;
else qout <= { sin, qout[3:1] };

end
endmodule

output sout; // serial out
input sin, reset, clock; fFf serial in -

begin
ff reset
ff shift left
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N QFHISF Shift Register

]
m sz
= 82 load, SYI shift 715 s[1:0] operation
(MEIA 2 s[1:0]2 7] 5E) 0 0 hold(HH3tglS
« BB/ UEY 0 1 shift right
= F7| reset (active low) 1 0 shift left
11 load
data
MSBin ittt 1SBin
gout
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g & Shift Register (Hl4)
ml

module bishiftreg{qout, HSBout, LSBout, data, MSBin, L3Bin, sel, reset, clock);

output [3: 8] gout; /f parallel out
output MSBout, LSBout; // serial out
input [3:8] data; /f parallel in
input HSBin, LSBin; // serial in

input [1:8] sel; /# function select

input clock, reset;
req [3:8] qout;

assign MSBout = qout[3];

assign LSBout = qout[8];

always @E{posedge clock) begin
if {reset==8) gqout <= B;
else begin

| — Ry
case {sel) =E2R
| 8z gout <= qout; // hold

1: qout <= {MSBin, qout[3:1]}; // shift right
2: qout <= {qout[2:8], LSBin}; // shift left

3: qout <= data; /f parallel Load
endcase
end
end
endmodule
Iy 1 MILH Ot il
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™ 6.2 Counters

]

B counter
= O]2] T &AM 2 JE7F HOtE &AIR|Z
» 071 B71 EE= A &AL E HE}

B 4H|E £7] 271712E
= enable=19Q1 Ot Of clockO}L} CIE & A2 HT}

0000 - 0001 - 0010 > ... > 1110 -> 1111 - 0000

= H|Z7] reset

4
enable — /> gout
counter

reset —»

clock
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e 3714 27 712 H
]

B S GIARLS AR O A7

A O

module counter{qout, enable, reset, clock};
output [3:8] qout;
input enable, reset, clock;
req [2:08] gqout;

always B{negedge reset or posedge clock) begin
if {™reset) gqout <= B;
else if (enable}) gout <= gout + 1;
end
endmodule

Z

= adder 2}0|H 2| E AI00{ Tt
= counter 2IO|H 2| E A0} 3!
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me 5712 2% FH2E (%)
ml

B SUAAMKIE ALE0HA] 242 EAl

.

module counterZ2{qout, enable, reset, clock};
output [3:8] qout;
input enable, reset, clock;
req [3:8] qout;

always B{negedge reset or posedge clock) begin
if {™reset) qout <= 8;
else if {enable} begin
qout[ 8] <= “qout[Hd];
if {qout[B8] == 1'b1) qout[1] <= ™~qout[1];
if {gqout[1:8] == 2'b11) qout[2] <= ™gqout[2]:
if {qout[2:8] == 3'b111) qout[3] <= ™qout[3];

end
end
endmodule
v
= Of2iAf2|S0] R & 1Y I $IAL2| 7t HPH

dAE Oz 2YE
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30

10



me 5714 2% 712E (714)
ullF

B Timingk
ps EIII.I;I ns 1EiIII.IIII ne EdIII.IIII ne BEIII.IIII r
Marne |
L4 clock [ i N S I R S S R S A A R
L d enahble | | | |
L d reset | |
= qout LI s 00T F 10070 Y I 11
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T Up-Down 7}=2H
=1

B 4H|E up-down 7}2H

operation

» STLEE T4 S MY IS
2 4 t reset up_dn
up_dn -+ /> qou
P counter 0 XX
reset —» 1 01
T 1 10
clock 1 00,11

reset (clear)

up (increment)
down(decrement)
hold (no change)

oy A Mo
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mm Up-Down 7H2E{ (%)
]

module updown counter{qout, up dn, reset, clock);
output [3:8] qout;
input [1:8] up _dn;
input reset, clock;
req [3:8] qout;

always @ (negedge clock or negedge reset) begin
if {reset == @) qout <= 4°b@A;
else if (up dn == 2°bB1) qout <= gout + 1;
else if (up dn == 2°b18) qout <= gout - 1;
end
endmodule

Ff reset

Ff doun

UHIC| =0 =IO A|
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T HE 2 E Up-Down 7|2 E]
=C

B 4H|E HE Z C up-down 7| 2EH

en

reset

load —»

4
up —» L /» gout

I

data i&»

clock
reset load enable up | operation

1 X X X | reset (clear)

0 1 X X | parallel load

0 0 1 1 | up (increment)

0 0 1 0 | down(decrement)

0 0 0 X | hold (no change)
ey A MILH Ot il
RO Y UREYHE] UHICIEOIEAOIEA
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Mz 2 C Up-Down 7I2EH (Al£)

module updown counter2{qout, data, load, up, enable, reset, clock)};
output [3:8] qout;
input load, up, enable, reset, clock;
input [3:8] data;
req [3:8] qout;

always @{posedge reset or posedge clock) begin

if {reset) qout <= 4'bA; ff reset

else if (load) qout <= data; /7 load

else if (enable}) begin /# enable
if {up) gout <= qout + 1; f/ up
else gqout <= gout - 1; // doun

end

end
endmodule

UHIC| =0 =IO A|
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™ modulo-N 7}-2E
ml
B modulo-N 712 H
= N7HS| HEHE HI=E 00| HOl= 7F2E (LH7H 0K E| N-17tX])
B modulo-10 7}2E] (= 7] 4! reset)

= AE 24

module counteri18{qout, enable, reset, clock);
output [3:8] gqout;
input enable, reset, clock;
req [3:8] qout;

always @B{posedge clock}) begin
if (™reset) qout <= 8;
else if {enable) begin
if {qout==9) gout <= B;
else qout <= qout + 1;
end
end
endmodule

UHIC| =0 =IO A|




™ modulo-N 7}=H

/f modulo-18 counter

module counter 18{qout, enable, reset, clock};
output [3:8] qout;
input enable, reset, clock;
wire rst;

counter_s ul {qout, EI'I-EII]lE,, clock);

assign rst = ™reset || {gqout == 9};

endmodule

/f counter with synchronous reset

module counter_s{qout, enable, reset, clock};
output [3:8] qout;
input enable, reset, clock;
req [3:8] qout;

always E{posedge clock) begin
if {™reset) qout <= 8;
else if {(enable) gqout <= gout + 1;
end
endmodule

UHIC| =0 =IO A|
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g N2l EAS 2= 4HIE 0|7 12
ml

B carry output (IE = terminal count)
« 7I2H Q] OFA| 2} JEH O A (enableO] 1Y mjoql) 10] &
» 7IRHE 28 A0 2 7IRHE A dY O &9l 7I2E 2] enable
AT AIEE

module counteri4{qout, tc, enable, reset, clock);
output [3:8] gqout;
output tc;
input enable, reset, clock;
req [3:8] qout;

always @{posedge clock}) begin
if (™reset) qout <= B;
else if (enable}) qout <= qout + 1;
end
assign tc = (qout == 4°b1111) & enable;
endmodule

UHIC| =0 =IO A| 18



mm 4HIE OIZI7I2ES ALt 16H|E 712

g0-g3 g4-q7 g8-qll gl2-ql15
I I I I
enable g0-g3 g0-g3 g0-g3 g0-g3
—en tcHen tcHen tcHen tc—tc
reset . reset . reset reset
clock : : : |
reset . o \

module counteri6{qout, tc, enable, reset, clock};
output [15:8] qout;
output tc;
input enable, reset, clock;
wire enable1, enable?, enable3;

counteryd ul {qout[3:8],enable1, enable, reset, clock);

countery u2 {(qout[7:4],enable2,enablel, reset, clock);

countery uld {qout[11:8],enable3,enable?2, reset, clock};

countery uly4 {(qout[15:12],tc,enabled, reset, clock);
endmodule
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g 63 =AIRIZ e} RTSHEIZ|AI(FSM)
il

m 2A9|20| X

Inputs ——— » Outputs
Next
State,| memory — State

4

P
o2
i
i

A 4

CLK
» SARIE B R ULE AR
» State transition function: Next State = f(Inputs, State)
= output function: Output = g(Inputs, State)
= Next State7} L2 2210 State=2 A %&=l - state transition

Feeny & MICHS il
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™ Timing
mlll
B Setup & Hold Time
= Clock0jl S71%10] SZ0H= = 0] Clock2| edge /20| QFSE|A|
U2L]|0{0F Of= 2[4 AlZE
B Propagation Delay & Clock-to-Output Delay
» U|ZO] O] HYLO] CHOHAM ==10] W= Z|TH AZE

= Clock0ll S7]E[0] HUI= == 2 Clock edgeOf| A Z=271X]2] Z]CH
Rl AlZtC 2 LIEPH

CLK
] 1. setup time
Dataln | 2. hold time
T — 3. clock-to-output dela
DataOut L° —— i '
< 3 >

HIS7| 238 | | — 4. progation delay

geen's A MICHSE il
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T A 8P| = delay®} Clock 7]

B SAR|=O] Y

comb

SEE fIUME 2 2= delay(E
K| A|ZE, AMRAA|ZE BN = clock 27| E L} ZHOLOF &

LT

Su

TCLK
CLK _
Dataln ( :>
Tt
DataOut P
tcomb tsu

gEeny AMICHE W
L\ L1 P MY OJHIC| = 0FE Q01 2 A

=1
=
OF

o=
=-d
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E Mealy machineid}l Moore machine

mlll
B Mealy machine: Output = f(Inputs, States)

Next s
Inputs J—> next state |State memory xotl::pgllltg — Outputs
o ZBIY|E =
State

CLK

® Moore machine: Output = f(States) ... CLKO|| S7|¢t=l ==
(States7} CLKOJ| =7]%}=! 2152l

Next
Inputs ——— pnext state | State output

xoH| 2 memory T zorg| 2 — Outputs

A

A 4

A

States
CLK

geen's A MICHSE il
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Ty State Diagram
=1

B Mealy Machine

nput/output

0/0

" state

Moore Machine

Input
state [ state
/output /output
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T ] State Transition Table
olC

Present State Input Next State Output
A B X A B Y
(0 () () () () 0
O O L 0 Lo 0 .
(0 1 () () () 1
O Lo S ! Lo O
1 0 0 () () 1
1 ] 1 1 () 0
E— T — 5 R —
1 1 1 1 () 0

) O K| L2kl

HAREEEEL UHIC| S0t EQO 2 A
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e 2EIE2] Verilog HA|(1)
ol

1 -
u -

22 0]| S7]k]0] next state7} state2 X ZRk]| = register I & 7| &
» next stateQ} output == K2 ZUTEE T caseR20| & 7=

= 0F

module mealyi1{out, state, in, reset, clock);
output out;
output [1:8] state;
input in, reset, clock;
req out;
req [1:8] state, nextstate;

always @{posedge clock or negedge reset) begin
if {(™reset) state <= 2'b88;
else state <= nextstate;

end

UHIC| =0 =IO A| 26



mp HENEQ] Verilog A1) - Al
ml

always @{state or in) begin
out = B; default outputg}¥
case {(state)
2'bBB: if (in==8) nextstate = 2'bAH;
else nextstate = 2'bB1;
2'bB1: if (in==8) begin nextstate
else nextstate = 2'b11;
2'b18: if (in==8) begin nextstate
else nextstate = 2'b18;
2'b11: if (in==8) begin nextstate
else nextstate = 2'b18;
default: nextstate = 2'bxx;
endcase
end
endmodule

2'bBAAd; out = 1; end

2'bBAAd; out = 1; end

2'bAd; out

1; end

UHIC| =0 =IO A| 27



e 2E = Q] Verilog A A|(2)
ml IF

B HIH? - 1-bit outputOf] CHOHA]

« 220]] £7]%]0] next state7} state2 KHEE|= F2 7|& (10 EQ)

= hext state T2 & caseF O F, output Z|2 & assigh 2O = 7|&

always @{state or in) begin
case (state)

2'bBB: if {in==8) nextstate = 2'bB80H;
else nextstate = 2°bB1;

2'bB1: if {in==8) nextstate = 2'bB80;
else nextstate = 2°'b11;

2'b18: if {in==8) nextstate = 2'bB80;
else nextstate = 2°b18;

2'b11: if {in==8) nextstate = 2'bB80;
else nextstate = 2°b18;

default: nexXtstate = 2'hxx;

endcase
end
assign out = (state==2'b01)&&{in==8) || (state==2'b11) && {(in==8}) ||
{state==2"b10)&&{in==08);
endmodule
Eon% A MIHO
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e 2EIE2] Verilog H7A|(3)
ol

l HiHH3

O H
= nextstate ZPY|RE HEZ JATI0LX| @1l CLKO| =7]&]0] E=H0t=
state ¢|X]|AE] |20 EUFUrOfI caseE2 2 A0 AA|

» output Z2 ABY|E E case E= assign 22 AI2010{ A A|

reg [1:8] state; nextstate gl

always @{posedge clock or negedge reset) begin
if {™reset) state <= 2'bh00A;
else begin
case (state)
2'b8B: if (in=-1) state(X=)2'b81;  statetH3}7
2'bB1: 1f {(1n==8) state <= 2'bhBA; 73_?_0“% 7|$U|‘X|
else state <= 2'b11; oro.
2'b18: if {in==8) state <= 2'b0A8; o=
2'b11: if {in==8) state <= 2'b0A8;
else state <= 2'b18;
default: state <= 2'b88;
endcase
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My 64 (O) WHAEIAE @)

B Line code formats
= NRZ (non-return-to-zero) : H|E ZFE iz &
= NRZI (non-return-to-zero invert-on-ones)
s RZ (return-to-zero)
= Manchester: 0->1for 0, 1->0forl

I I I I [ [ I I
bitsequence| 0 ' 1 ' 1 ! 1 ' 0! 0 ! 1| :
NRZ — I |
NRZI T L
1 1 ] 1
RZ : : : :
I I l I
, I I I I I I I
Manchester I ' ' :
1 | |
1 h|t|
" time

Ty A ML Ot il
RREY AREHEE S LHICIEHWEA
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T NRZ-to-Manchester Code Converter - Mealy

]
B State Diagram — Mealy machine

1/1 l 0/0
S2_____,S0 . 81
*/0 */1

l

o

ol

o

191
HOS
HA &3

oX o

40 ju

fr ©

£Q

oX °

0 8
fr ©

=)
=

ManchesterA E MAMY| 29| CLK £0I4 =
NRZAE AMHAY|29] CLKZEI}49] 2H{0]0{OF &t

Ty M
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Verilog Model — output functiong state transition functionil 24| 7| &

/f HRZ to Manchester Converter - HMealy machine
module Manchester1{out, in, reset, clock, state);
output out;
output [1:8] state;
input in, reset, clock;
req [1:8] state, next state;
req out;
parameter 38 = 8, 31 =1, 52 = 2;
always E{posedge clock or negedge reset) begin
if (reset==8) state <= 50; // initial state
else state <= next state;
end

/f next state & output combinational logic
always E{state or in) begin
out = B; /7 default output
case (state)
$8: if {in == 1'bA) next state = 51;

else if {in == 1'b1) begin next state = 52; out = 1; end

else begin next state = 2'bx; out = 1'bx; e
31: begin next _state = §8; out = 1; end
52: begin next state = $58; end
default: begin next state = 2°'bx; out = 1'bx;
endcase
end
endmodule

nd

end

HHILI EHWZ2A|
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Verilog Model — output functionE assighg & 7|&

/f HRZ to Manchester Converter - Another HMealy machine
module HManchester2{out, in, reset, clock, state);
output out;
output [1:8] state;
input in, reset, clock;
req [1:8] state, next state;
parameter 358 = B, 31 =1, 52 = 2;

always E{posedge clock or negedge reset) begin
if {reset==8) state <= 58; /7 initial state
else state {= next state;
end
/7 next state combinational logic
always @{state or in}) begin
case (state)
S58: if {in == B) next state = 31;
else if {(in == 1) next state = 52;
else next state = 2'bx;

51: next state = 58;
532 next _state = 58;
default: next state = 2'bx;
endcase

end

/f output combinational logic

assign out = (state==58) && {(in==1) || {(state==51) && (in==0);

endmodule

HHILI EHWZ2A|
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[

il lF
B Timing
ps BD.Qns 1EIII.IIII ns EdIII.IIII ns SEIII.IIII ns 4IIIIII.IIII ns 4BIII.IIII ns EEIII.IIII ns EdIII.IIII ns
Mame
[ cleck | L 1L 1L T LT LT L L L L rL i i L L rerri
[ in | | | |
'ﬁ' aut I_l \\\/ (|-\])
[ reset |
| [E state 1] }{IIII};&U}:UI?}:DD}:IU}:DU}:IU}:UU}:DI}:DU}:DI}:DU}:IU}:DU}:UI

IERLEE L
= Q| 0}l 2]t glitch 48
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T NRZ-to-Manchester Code Converter - Moore

mlll
B State Diagram — Moore Machine

g0 0 . s1

0 0
1| |1 ol |0
s3 | 1 S2
1 1

fey QA ol
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Verilog Model — output functiong assighg L = 7|&

‘. module HManchester HMoore{out, in, reset, clock, state);

] output out;

output [1:8] state;

input in, reset, clock;

req [1:8] state, next state;
parameter 38 =8, 531 =1, 52 = 2, 53

else state <= next state;
end
/f next state combinational logic
always @{state or in}) begin

case (state)

else next state = 53;
51: next state = 352;
53: next state = 58;
default: next state = 2'bx;

3

58, 52: if (in == @) next state =

always @{posedge clock or negedge reset) begin
if (reset==08) state <= 58; Ff initial

51;

ctate

endcase
end
/f output combinational logic
assign out = (state==52) || {(state==53);
endmodule
JE0% S MICH St
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[

il lF
B Timingk
ps BD,Q ns 1EiIII,IIII ns Efl[l,llil ns SEIII,IIII ns dIIII],IIII ns dBIII.IIII ns
Mame

L~ (1oLl N I Y I I O R e B R I B R S B e
e in D I [
o aut %l) 1 1 I
= reset |

| E state U SN SUD SIS SIH SIS SID AUDSIDH U SN el

= £ code0]| glitch7} WAHOIX| S <« 2210 57|01 &
= NRZAE ¢=i(in)HLC} 1 CLK Z0j| Manchester code = 2 (out)0] A Ad %l

Ty A ML Ot il
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" 65 Linear-Feedback Shift Register
=1

B Linear Feedback Shift Register(LFSR)
= data compression0j] At
» cyclic redundancy code(CRC) t4/d0f| Al
= pseudo random pattern generatorz A&

LD ~;'£>D—> — D ~£'%>D ~£'E~D

YN-l YN-Z Y2 1 YO

Y[k-1] = (c[k] Y[O]) @ Y[K] (k=1 .. N-1)
Y[N-1] = Y[0] /

1 clock delay

| D flip-flopo 2 3191
if (c[k]=1) Y[k-1] = Y[0] ® Y[K]
if (c[k]=0) Y[k-1] = Y[K]

geens A MICHS! il
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T LFSR model

il
B 8-bit LFSR

module LFSR(Y, reset, clock);
parameter initial state = 8'b1881_66881; /7 91h
parameter [7:1] C = 7'b186_1111; /f coefficient
input reset, clock;
output [F:8] ¥;
req [7:8] Y;

always @ (posedge clock) begin
if (treset) /7 Active-low reset to initial state
¥ <= initial state;
else begin
Y[7] <= ¥[8];

Y[6] <= C[7] 7 Y[7] Y[8] = Y[7];

Y[5] <= C[6] ? Y[6] ~ ¥Y[8] : Y[6];

Y[4] <= C[5] 7 Y[5] - Y[8] : Y[5];

Y[3] <= C[4] 7 Y[4] © Y[0] : Y[4]; $-HI§EEH-
v[2] <= G[3] ? ¥[3] ~ v[e] : v[3]; | HI=H
Y[1] <= C[2] ? ¥[2] ™ Y[@] : Y[2];

Y[8] <= C[1] 7 Y[1] - Y[a] = Y[1]1; )

end
end
endmodule

OH
13
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T LFSR model — HIEF Al
ol

module LFSR2(Y, reset, clock);

parameter H = 8; /f length
parameter initial state = 8°'b18861_8861; /7 91h
parameter [H-1:1] C = 7'b188_1111; ff coefficient

input reset, clock;

output [H-1:8] ¥;

regq [H-1:8] ¥;

integer k; >U|‘E-?—."O'| }.‘_ISZ E%F'E!OI OI'IEI

always @ (posedge clock) begin
if {*reset) /F Active-low reset to initial state
¥ <= initial state;
else beqgin for HIE 3R
Y[N-1] <= ¥[0]; _—
fFor (kK = 1; kK <= H-1; k=k+1}
Y[k-1] <= C[K] ? Y[k] ~ ¥[8] : Y[k];
end
end
endmodule

HHILI EHWZ2A|
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T LFSR S & : CRC generator

mlll
B serial CRC generator

Figure 1 C Xl =18 .15 5] after k + n clocks

k-bit message + n-bit zero padding ¢j21 - n-bit CRC code 244

e} S MLt il
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" 6.6 Register File

B register file
n A2 £9]registerE 2 JHE|N A= &A=

= register0j] CHTt read, write S22 SA|0| &+
» 5= 749 outputE 2= ALV} B2 (& register S A|0] read 71s)

register file

A 4

— Raddrl DataOutl
— Raddr2 CALU

— Waddr DataOut2
Dataln

WEN CLK

f f

A 4

\ 4

= WEN=10|™H X|7d=I(Waddr) write register0j| clock0j] =7|&|]
HIOIE{ 7} A 2
» X|7dEl(Raddrl,2) read register0f] X2l 742 data output =2 =%

LT3 A MOt
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e Register File (Al&)
=1

radd

y

A 4

A 4

A 4

B e 2N

CLK
decoder l
iEreg
) reg

waddr —
wen —» Y reg

din

Feeny & MICHS il

RS/ ATHEEHS

rl

— doutl

- » dout2

MuX

i

raddr2
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e Register File Al (1)

‘rmudule regfile{dout1, dout2, din, raddr1, raddr2, waddr, wen, clock);
output [31:8] doutl, dout?;
input [31:8] din;
input [3:8] raddri, raddr2, waddr;
input wen, clock;

reqg [31:8] reg file [B8:15]; /f 32 bit % 16 word memory declaration
req [31:8] dout1, dout?;
integer 1i;

/f write
always E{posedge clock}) begin
for (i=8; 1<16; i=i+1) begin
if {wen & {waddr==1i})) reg_file[1] <= din;
end
end

/f read
always @{raddr1 or raddr2 or req_file) begin
dout1 = 32'bx;
dout? = 32'bx;
for (i=8; 1<16; i=i+1) begin
if (raddr1==1) dout1 = reg file[i];
if {raddr2==1) dout? = reg file[i];
end
N end
2 endnodule
g aARHERE UHICIEOIEAOIEA 44




T Register File Al (2)
ml I
B Verilog model

module register file(dout1, dout?, din, raddri, raddr2, waddr, wen, clock};
output [31:8] dout1, dout2;
input [31:8] din;
input [3:8] raddri, raddr2, waddr;
input wen, clock;
reqg [31:8] reg_file [B:15]; ff 32 bit % 16 word memory declaration

assign doutt reg file[raddr1]; /f read

assign dout? = reqg_file[raddr2];

always @ (posedge clock) begin ff write
if {(wen) reg file[waddr] <= din;

end
endmodule
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T Register File timing =

ml
B Timingk
ps dD.Q ns BD.Q ne IEIII.IIII ns 1EIII.IIII ns EIIIIII.IIII ns
Mame

[ clock | | | | | | | | | | |
[ WET] ] |
Ty waddr (T b 01on b 1000 b (000
i din V oomnTesd T Oo00RGge | OOOO9ABC o | OOOOEFAB | 000000
g raddrl aotn i 1100 b Qoo
o doutl  § 0000000 TnTZ34 AT 4 II9EET JOITEFAE
[y raddrZ 01on b (000
o dout? NN j}:( (O00RE 75 b {ULR[O[O]A] § OU0EF 25
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